Objective To assess the impact of the NHS breast screening programme on mortality from breast cancer in women aged 55-69 years over the period 1990-8. Design Age cohort model with data for 1971-89 used to predict mortality for 1990-8 with assumption of no major effect from screening or improvements in treatment until after 1989. Effect of screening and other factors on mortality estimated by comparing three year moving averages of observed mortality with those predicted (by five year age groups from 50-54 to 75-79), the effect of screening being restricted to certain age groups. Setting England and Wales. Subjects Women aged 40 to 79 years. Results Compared with predicted mortality in the absence of screening or other effects the total reduction in mortality from breast cancer in 1998 in women aged 55-69 was estimated as 21.3%. Direct effect of screening was estimated as 6.4% (range of estimates from 5.4-11.8%). Effect of all other factors (improved treatment with tamoxifen and chemotherapy, and earlier presentation outside the screening programme) was estimated as 14.9% (range 12.2-14.9%). Conclusions By 1998 both screening and other factors, including improvements in treatment, had resulted in substantial reductions in mortality from breast cancer. Many deaths in the 1990s will be of women diagnosed in the 1980s and early 1990s, before invitation to screening. Further major effects from screening and treatment are expected, which together with cohort effects should result in further substantial reductions in mortality from breast cancer, particularly for women aged 55-69, over the next 10 years.
Introduction
The NHS breast screening programme was introduced in England and Wales in 1988, on the recommendations of the Forrest committee.
1 These recommendations were based on the findings of randomised controlled trials, which showed that mammography could reduce mortality from breast cancer in women aged 50 years and over by 25-30% over a period of about 10 years. In England and Wales women aged 50-64 are invited for screening every three years. Evidence from the programme itself indicates, and national incidence rates confirm, that the build up of activity was gradual and that the "prevalent" round of screening was not completed until 1995.
In 1992 the Department of Health set a target for breast cancer of a reduction in mortality of 25% in the age group invited for screening by the year 2000.
2 It was subsequently acknowledged that this target should be applied to the age group 55-69 years. Screening would not be expected to affect mortality in the 50-54 years age group because the average age at first screening for women in the programme is 51.5 years (as women are first invited between the ages of 50 and 52), and in the randomised controlled trials there was little or no effect of screening in the first four years. Also survival from breast cancer in the late 1980s was good (five year relative survival rate was almost 70% and 10 year survival over 50%) 3 and will have been higher in women detected by screening because of earlier detection during the preclinical phase. The programme has set targets relating to uptake and rates of cancer detection, which, if achieved, should eventually lead to the target reduction in mortality of 25%. 4 The targets for cancer detection are based on the detection rates observed in the Swedish two county randomised controlled trial. 5 In the analysis of this trial, all deaths from breast cancer in women with date of diagnosis before the date of entry to the trial in both the study and control arms were excluded. In 1989, Day suggested that the reduction in mortality from breast cancer in the target population should be at least 25% after 10 years from the start of screening, but only in those women free from breast cancer when first invited to screening. 6 National mortality statistics will include both women who were and were not free from breast cancer at the time of their first invitation. The further away in time from the start of screening, the greater will be the proportion of women in the former category. Many deaths from breast cancer in the 1990s will be in women diagnosed with breast cancer before any invitation to screening, as full coverage of the population of England and Wales did not occur until 1995. Consequently the impact of screening on breast cancer on the national mortality statistics by the year 2000 is likely to be much less than 25%.
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Mortality from breast cancer began falling in England and Wales from around 1990, before the programme could have been expected to have a major impact. 7 By 1994, in the age group 55-69 years, where mortality would be affected by screening, there was a 12% reduction compared with prescreening rates in the late 1980s. An explanation for some of this reduction may be the use of adjuvant tamoxifen, which by 1990 was in widespread use for women aged over 50 years. It has been pointed out, however, that there is no direct evidence for such an effect and that by 1993 some reduction in mortality (albeit rather small) would have been expected from screening. 8 Breast cancer mortality in this period may also have been affected by changes in stage at presentation, possibly because of increased publicity about breast cancer during the introduction of the screening programme, and by birth cohort effects. 9 may cause mortality to increase or decrease in different age groups and result in the true reduction attributable to screening and improvements in treatment being over or underestimated. The term "improvements in treatment" is used here to include effects of both changes in treatment and other factors including earlier presentation outside the age range of women invited for screening and structural changes in the NHS after the Calman-Hine report. 10 We used an age cohort model based on mortality data for 1971-89 (which would not have been affected by screening) to predict the mortality from breast cancer for 1990-8. By comparing the observed mortality in different age groups with that predicted by the model we estimated the separate effects of screening and of improvements in treatment and other factors.
Method
We obtained data on mortality from breast cancer for England and Wales from the database of deaths at the Office for National Statistics for 1971-99 by single year of age and calendar year of death. We reconstructed these data into five year age groups (from 40-44 to 75-79 years) and cohort groups from 1896 to 1946. We corrected the annual numbers of deaths for coding changes that occurred in 1984 and 1993 as a result of revised interpretation of WHO rule 3 and for other procedural changes in 1993; the overall adjustment was only a few percentage points for women aged 50-74 but greater for younger and older age groups. 7 We assumed that use of tamoxifen, other treatment changes, and screening would not have had any substantial impact on mortality until 1990 and that age and birth cohort effects were the major influences on mortality from 1971 to 1989.
We fitted an age cohort model using five year age groups from 40-44 to 75-79 for 1971-89 using log linear Poisson modelling with the generalised linear models command in the statistical package STATA. Although we considered that an age cohort model was likely to give the best fit we also used age (alone) and age period models for comparison, according to the methods of Clayton and Shifflers. 11 The age cohort model was highly significant (P << 0.001) when tested against the age model alone. Other models, such as an age period model did not fit the data well. Although the age cohort model provided a good fit to the data, the 1946 cohort estimate was based on only few data and had wide confidence limits. To provide a better estimate for this cohort we extrapolated the rate ratios for the 1896 to 1941 cohorts to 1946 by fitting a quadratic model, after noting that the rate ratios increased up to the 1926 cohort and decreased thereafter. The final model was used to predict the mortality from breast cancer in the absence of screening or treatment effects for 1990-8 for each five year age group.
From the mid-1980s the use of tamoxifen in women with breast cancer increased rapidly. By 1990 in the Thames regions over 90% of women aged over 50 years and over 50% below the age of 50 received tamoxifen. 12 Results of randomised controlled trials suggest a fairly uniform effect of tamoxifen across the age range 50-79 years. 13 The effect of screening, in contrast, will be more age dependent because of the age range of women invited. Screening will reduce mortality in older age groups as time progresses, influencing mortality in women aged 55-74 by 2000 and those aged 55-79 by 2005.
Three year moving averages of mortality were used to increase statistical stability: the results in table 1 for 1998 are based on the average mortality for 1997, 1998, and 1999. We compared the observed mortality from national statistics from 1990 to 1998 with that predicted by the model for each five year age group from 50-54 to 75-79. For 1990-5 we assumed mortality in age groups 50-54, 70-74, and 75-79 to be affected only by factors other than screening, and assumed mortality in age groups 55-59, 60-64 and 65-69 to be affected by these factors plus screening. After 1995 mortality in the 70-74 age group will have been partly affected by screening (the only age groups not affected by screening are 50-54 and 75-79).
Once the baseline predictions of what the mortality would have been over the period 1990-8 in the absence of screening are established, our method of apportioning any reduction in mortality between screening and other factors is deterministic. It is therefore not possible to put conventional confidence intervals around the two proportions. We therefore explored the sensitivity of our results to changes in the age cohort model by considering two alternative sets of predicted mortality. Firstly, we assumed that mortality in each age group would have remained at its rate before screening-that is, the rates in each year from 1990 to 1998 inclusive were taken to be the same as those in 1989. This is more neutral than the cohort effects predicted by our model, which give decreasing rates in women up to the 60-64 age group and increasing rates in those over 70 (see below and fig 1) . Secondly, we assumed that the curvature in the cohort rate ratios (see table in appendix) was more marked (by 5% points in the youngest and oldest cohorts, pro rata for the others) giving a more extreme divergence in predicted mortality by age group. Figure 1 shows the observed mortality from breast cancer from 1971 to 1999 by five year age group (solid line) together with the modelled rates from 1990 to 1998 (dotted lines). Throughout the whole period 1971 to 1998, mortality was higher in each successive age group. Mortality in all age groups increased after 1971, but by the early 1980s the rate in the youngest women (50-54 years) had more or less stabilised. Mortality began to fall soon after screening started; the falls seem to have been larger in women aged 55-69 years than in the other age groups. Details of the model estimates are shown in the table in the appendix. The cohort rate ratios show that mortality from breast cancer peaked in women in the 1926 cohort, with a declining risk in later cohorts. The model predicts declining mortality in women under 65 years for 1990-8 but an increasing rate in women over 70. Figure 2 shows the data by year of birth rather than year of death for age groups 50-54 (in which mortality will be affected only by improvements in treatment), 55-69 (affected by screening and improvements in treatment), and 75-79 (affected only by improvements in treatment). Deaths in 1971 to 1989 have been distinguished from those in 1990 to 1998. The age group 70-74 has been omitted because women will have been affected by screening from 1995. The trends in mortality, albeit at different levels, in the three age groups were similar until screening was introduced. Thereafter, mortality in women aged 55-69 dropped considerably more than in the other two age groups. Table 1 compares observed mortality with that predicted by the model for the two years 1993 and 1998. By 1993 only a small direct effect of screening would be expected; 1998 is the last complete year for which three year moving average data are available. The average reduction in mortality in 1993 in age groups 50-54, 70-74, and 75-79 was 5.6%. This is assumed to be the contribution from improvements in treatment. In the age groups 55-59, 60-64, and 65-69 the average reduction was 8.8%, attributable to both treatment and screening. The estimated reduction in mortality directly from screening is therefore 3.2%. In 1998 the average reduction in mortality in age groups 50-54 and 75-79 had increased to 14.9% and that in age groups 55-59, 60-64, and 65-69 to 21.3%, giving an estimated direct contribution from screening of 6.4%.
Results
The overall reductions in mortality in 1998 from the two alternative predictions of mortality are shown in table 2. The corresponding direct effects of screening were 11.8% and 5.4% and of improvements in treatment were 12.2% and 12.6%. Consequently, the best estimate of the direct effect of screening is a 6.4% reduction in mortality with a range of estimates of 5.4-11.8%, and the best estimate for improvements in treatment is 14.9% (12.2-14.9%).
Discussion
From 1990 to 1998 our analyses show a reduction of up to 21% in mortality from breast cancer that is directly attributable to improvements in treatment, earlier presentation outside of screening, and screening itself, after allowance for cohort effects and changes of coding for breast cancer.
By 1998 the NHS breast screening programme had directly produced a reduction in annual mortality from breast cancer of 6-7% in women aged 55-69, although the sensitivity analysis indicated a probable range of 5-12%. The best estimate of number of deaths from breast cancer in the 55-69 year age group prevented by screening in 1998 was 320 (range 270 to 590). The number of deaths prevented by screening is expected to increase over the coming years as from 1995 all women aged 50-64 were invited for screening. The expected further effects from screening, together with improved treatments such as the use of tamoxifen for five years and the impact of cohort effects all suggest that mortality in women aged 55-69 will continue to decrease over the next 10 years.
Methodological difficulties
There are several inherent problems that limit the precision of our estimate of the reduction in mortality resulting from screening. These include errors inherent in projecting mortality into future years, such as the fit of the model and the greater instability in the numbers of deaths in younger age groups being projected forward in time to predict rates in older women. The age cohort model has, however, also been found by others to be the best model, and the rate ratios from our model are closely similar. 14 Our assumption that an age cohort model would still have fitted the data in 1990 to 1998 in the absence of improvements in treatment and screening effects is impossible to test; but the potential errors in the observed rates, which are each based on an average of three years' data, will be relatively small. It could be argued that screening affects the older women in the age range 50-54; if the only group considered to be unaffected by screening is 75-79 years, the direct reduction in mortality from screening in 1998 increases from 6.4% to 8.5%. Our analyses using alternative predictions of mortality for 1990-8 have led to estimates of the mortality reduction from screening of between 5.4% and 11.8%. This range indicates the limitations in our methods, but clearly shows that the mortality in women aged 55-69 has decreased more than in the adjacent age groups and that this is directly related to the screening programme.
Population screening and randomised controlled trials
It is important to emphasise that deaths in women diagnosed with breast cancer before invitation to screening will cause a severe dilution of the effect of the screening programme on national mortality statistics, particularly in the first decade of screening, compared with the results from randomised controlled trials. The extent and timing of a reduction in mortality due to screening will depend on several factors. These include the proportion of deaths from breast cancer in a given year occurring in women diagnosed with the disease before their first invitation to screening and the time period over which 100% coverage of the target population is achieved. Given the relatively good survival rates in the 1980s and that there is excess mortality in women with breast cancer 15-20 years after diagnosis 15 16 a large number of the deaths that occurred in the 1990s would have been in women who were diagnosed with breast cancer before invitation to screening. If we take these factors into account and allow for the fact that in the first years of screening the sensitivity of the process in detecting cancers 17 was some 25% lower than anticipated on the basis of the Swedish two county study, 5 it is likely to be between 2005 and 2010 before the full effect of screening is seen in national breast cancer mortality statistics.
Results from a computer simulated model (MIS-CAN) suggested that 70% of the reported 12% reduction in mortality seen by 1994-that is, about 8%-may be due to screening. 18 Our lower estimated reductions due to screening may be consistent with the lower sensitivity of the screening programme in the early years of screening. 17 The earlier "shortfall" in detection of invasive cancer in the programme was mostly due to a low sensitivity for small invasive cancers-those least likely to have metastasised and the most important to detect to achieve a high reduction in mortality. The "steady state" effect of screening, if we assume the same sensitivity and improvement in prognosis as achieved in the Swedish two county study and an uptake of around 70%, has been estimated as a 25% reduction in mortality from breast cancer in women aged 55-69. 18 There are several reasons why the effect of screening in the population screening programme could be different from that observed in the Swedish two county randomised controlled trial. The stage of breast cancers in women diagnosed before the introduction of screening in England and Wales may have differed from that in the control group of the Swedish two county study. A tendency towards a late stage at presentation would in theory result in a greater potential for the effect of earlier diagnosis. In addition, the effect of screening on mortality is likely to vary according to the treatment of early stage disease and in particular the extent to which tamoxifen is used.
Treatment and other effects
We estimated the effect of tamoxifen and other factors, excluding the direct effect of screening by 1998, to have been a reduction in mortality of between 12.2% and 14.9%. The randomised controlled trials for tamoxifen often report on early stage disease in women who are positive for oestrogen receptor. As about one third of women are negative for oestrogen receptor, and many women with breast cancer do not present with early stage disease, the benefit of tamoxifen to the population of women with breast cancer is difficult to predict from the results of randomised controlled trials. Peto has suggested that the absolute benefit produced by a few years of adjuvant tamoxifen for patients with breast cancer is not large (50% survival may be increased to 55% or 60%), 19 but the treatment is widely given and the disease is common. Improvements in chemotherapy and other factors, including structural changes in the NHS, will also have contributed to this reduction in mortality. Recent work has suggested an additional effect of the massive publicity surrounding breast cancer whereby since the mid-1980s there has been a shift to earlier diagnosis of tumours. 9 This may explain why mortality from breast cancer decreased so rapidly in the early 1990s with treatment and earlier presentation outside the screening programme together with cohort effects in women under age 70 all contributing to the apparent falls.
Improvements in screening
Since the early years of screening there have been substantial improvements in sensitivity, particularly for small invasive cancers, 20 as a result of the increased use of two view mammography, the use of higher film densities, and increasing experience of radiologists.
Conclusions
There has been considerable recent debate over the attribution of the reduction in mortality from breast cancer to improvements in treatment or screening. The purpose of screening is to detect cancers at an earlier stage, when treatment is more effective. Our research indicates that for 1990-8 improvements in treatment and screening both probably have major roles in the reduction in mortality from breast cancer. The difficulties in producing quantitative estimates of the effect of a national screening programme (or improvements in treatment) on mortality are well recognised. 18 Such difficulties illustrate the importance of carrying out well conducted randomised controlled trials before the introduction of population based screening.
